Objective: To evaluate the relationship between passive smoking and salivary biomarkers like pH, buffering capacity and flow rate, sialic acid and amylase levels in children who were passive smokers and compare with the control group. Materials and Methods: Fifty children with history of passive smoking and 50 healthy age matched controls were included in the study. Details on smoking habits of household members, child's dental and dietary habits were collected using a proforma. Saliva samples were collected from both the groups and salivary analysis was done for pH, buffering capacity, flow rate, sialic acid levels and amylase levels.
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Introduction:
Passive smoking or environmental tobacco smoke is a serious public health hazard. It has been estimated that at least 1 billion adults are smokers worldwide and that at least 700 million children breathe air polluted by tobacco smoke (1). Children's exposure to passive smoking is usually involuntary, arising from smoking, mainly by adults, in the places where children live and play. Children are most susceptible group for passive smoking because their bronchial tubes are much smaller and their immune systems are less developed. They also breathe faster and thus take in more harmful chemicals per kilogram of body weight than adults 1 .
The saliva circulating in mouth at any given time is termed as whole saliva and it comprises of a mixtures of secretions of major and minor salivary glands and traces from gingival crevicular fluid. Saliva definitely promotes oral health and hence lack of its secretion contributes to disease process. It has been long recognized that saliva serves as a mirror of the body's health as it contains proteins, hormones, antibodies and other molecules that are frequently measured in standard blood tests to monitor health and disease. However, unlike whole blood, saliva is easy to collect, less painful to patient and is less infectious for health care providers 2 . Passive smoking effects children's health in many ways by predisposing them to cancer, cardio vascular diseases, asthma, lower respiratory tract infections and neurological disorders and has been found to affect child's cognitive abilities [3] [4] [5] [6] [7] . As environmental tobacco smoke, the material released into the ambient atmosphere by smoking tobacco products, contains over 4000 chemicals, it is reasonable to assume that passive smoking may also affect oral health 8 . Smoking by household members could be an important risk indicator for caries in the permanent teeth of adolescents in a developing country 9 . Very few studies have examined the relationship between passive smoking and oral health in children have hypothesised that there are behaviours associated with tobacco use that may result in other unhealthy behaviour independent of socio-economic status, such as poor oral hygiene and diet 10, 11 . Saliva plays a major part in the health of the mouth and any changes in its quantity may alter the oral health status 12, 13 .Although the association between passive smoking and caries have been accepted in the literature [2] [3] [4] [5] [6] [7] , its relationship with the composition of saliva is unclear and very few studies are done to evaluate the relationship between passive smoking and saliva, there was a need to do this study. Therefore the aim of this study was to investigate the association of passive smoking and related salivary biomarkers such as pH, buffering capacity, flow rate, sialic acid and amylase in young children.
Material and Methods:
A cross sectional comparative study was undertaken on the patients visiting the Department of Pedodontics and Preventive Dentistry, A. B. Shetty Memorial Institute of Dental Sciences, Deralakatte Mangalore. Prior to commencement of the study, consent was taken from the concerned authorities; approval for the study was obtained from the Nitte Research and Ethical Committee. The procedure was explained to the patient and the patient's parent or guardian and informed consent was obtained from them. Based on the pilot study conducted, the sample size was calculated by the formula patients per group = f(α,β) x[ (2 x SD 2 )/ (d) 2 ] where, f(α,β) = 7.85 for 80% power with 5% significance. A sample size of 44 was required per group which was rounded off to 50.
Study population
Fifty passive smokers and 50 controls of the same age groupreporting to the OPD were enrolled as the study population. The participants in the study and control group were matched for age and gender before including them in the study.
Inclusion criteria:
Based on the tobacco smoking habits (3 -50 cigarettes/ beedis) of the family members, the children were grouped into passive smokers (study group) or non passive smokers (control group). Criteria for selection of passive smoker subjects: One hundred parents were given a questionnaire to fill about their smoking habits while waiting for the child's dental treatment. Based on these answers, if someone at home was reported to be a regular smoker since the birth of the child, then the home was categorized as a regular smoking household. The children who lived in such a household were identified as passive smoker subject.
Criteria for selection of controls:
If nobody smoked at home then it was categorized as non-smoking household and the children living in such environment was included as the controls. For each passive smoker subject, children of the same gender and age were selected randomly from patients who lived in a non-smoking household and received their dental treatments 14, 15 .
Exclusion criteria:
• Subjects with any systemic diseases or taking any medications for the past three months • Uncooperative children • Children without parental consent. Saliva collection protocol Saliva assessment included pH, buffering capacity, flow rate, sialic acid and amylase levels. Tests were done during the second appointment because the subjects were asked to refrain from eating for two hours before the assessment. Whole stimulated saliva samples were collected after chewing paraffin wax for 30 seconds between 9 and 11am to minimize the circadian rhythm effects. The salivary samples were collected by the second author and sent immediately for analysis to the biochemistry laboratory for determination of various salivary parameters. The salivary determination was undertaken by the third author without freezing the salivary samples. a)
Estimation of pHThe collected saliva was stored in refrigerator for no longer than 30sec and then using manual pH meter (Presto Stantest Pvt. Ltd.), the pH was measured. Based on the degree of colour change pH was then estimated.
b)
Estimation of buffering capacity by Ericsson's method-1959 16 About 0.5 ml of saliva was added to 1.5 ml of 5mmol/L HCl. The mixture was vigorously shaken and then centrifuged for 1 minute and allowed to stand for 10 minutes.The final pH of supernatant was measured by using manual pH meter. c)
Sialic acid estimation using Diphenylamine method by Winzler BJ 17 d)
About 0.2 ml of saliva and 0.2ml of sialic acid standard was pipetted in separate 15×150mmtest tubes marked as test and standard respectively. To each tube 4.8ml of 5% trichloroacetic acid was added and shaken. The tubes were covered with aluminium foil and placed in a water bath. After 15 min, the test tubes were immersed in cold water. The cooled sample is filtered through Whatman No 1 filter paper. Two 15×150mm tubes were set up and 2ml filtrate was pipetted into each of the pair of tubes. The tubes containing filtrate from the standard were marked standard and 'standardblank' respectively. A reagent blank containing 2ml of 5% trichloroacetic acid was prepared. About 4ml of diphenyl amine reagent was pipetted into the tubes marked test and standard. All the tubes were gently mixed on a vertex mixture, covered with aluminium foil and returned to boiling water for 30 minutes. The test tubes were cooled in water and absorbance was determined at 530nm in a suitable calorimeter or spectrophotometer set at zero with reagent blank and then calculated. d)Estimation of salivary amylase was done by using the CNP-G3 method 18 About 1000μl of Amylase reagent and 25μl of sample is mixed and incubated at 37 0 C. The release of 2-chloro-4-nitrophenol (CNP) from the substrate and the resulting absorbance increase per minute is directly related to the α-Amylase activity in the sample. The resulting increase in absorbance after 15 sec were measured spectrophotometrically at 410/480nm. Two additional absorbance at 30 seconds interval were measured. The mean absorbance change per minute was calculated. Estimation of flow rateSince the flow rate is calculated as ml/min, the saliva was collected separately to estimate the flow rate. Unstimulated saliva was collected for 1 minute in a 5 ml bottle. The amount of saliva collected in 1 minute was noted.
Statistical analysis
The results obtained were tabulated in Microsoft Excel 2007 and analyzed using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). The mean score and standard deviations were calculated for all the study variables in study and control groups. Chi square test was used to find the significance of categorical variables among both the groups. Unpaired t test was used to find compare the mean of study variables among the study and control groups. A 'p' value less than 0.05% was considered as significant.
Results:
The present study comprised of 100 children, out of which 50 belonged to passive smoking group and 50 belonged to control group. The age of the subjects ranged from 5 years to 13 years (Table 1) . . Among the study and the control group, 50% were males and 50% were females ( Table 2 ). There was no significant difference between the study and the control groups with respect to the age and gender (p> 0.05, not significant). Table 3 shows the mean salivary pH, salivary sialic acid levels, salivary amylase and salivary buffering capacity in the study and control groups. The results of the present study showed that buffering capacity and amylase activity was higher in passive smoking children(p<0.05, significant) whereas salivary pH and flow rate was lower in passive smoking children when compared to their healthy controls (p<0.05, significant). Salivary sialic acid levels did not show any much significant difference between the two groups (p>0.05). 
Discussion:
Human saliva is a unique secretion of major and minor salivary glands to maintain normal physiological functions of oro-biological structures. Saliva consists of over 99% water and provides the body's own natural protection against tooth decay and gum disease. Saliva helps to protect the teeth from caries by means of, both, cleansing and buffering action of saliva. It also controls the calcium and phosphate concentration in the saliva and around the teeth 2 . Sialic acid is a very important structural component of glycoprotein's, playing a part in enhancing bacterial agglutination. Previous studies have reported that passive smoking is a risk factor for cancer in children, which has also been linked to elevated sialic acid level 19 .The salivary sialic acid levels of control subjects (non -passive smoking) and study subjects (passive smoking) did not show any significant difference in our study. The difference in results amongst the study may be due to age, sample size, cultural differences or length of child's exposure to passive smoking. Salivary amylase may play an important part in the colonisation and metabolism of streptococci, leading to the formation of dental plaque and caries. It is a constituent of the acquired pellicle and could, therefore, be available to act as receptor for the adhesion of micro-organism to tooth surfaces 20 -22 . According to Lindemeyer et al, nicotine promotes the growth of carcinogenic S.mutans bacteria; thus, mother who smoke may be likely than non-smokers to transmit these bacteria to their children 23 . Previous studies reported that smokers and passive smoking children may have a higher number of S. mutans in saliva than non-smokers. Amylase is produced primarily by the parotid gland and its activity has been proposed as a marker for parotid saliva 24 . GranGer et al reported that tobacco smoke exposure was associated with lower salivary amylase activity for mothers, but not for infants 25 . In disagreement with this study, our results showed that the salivary amylase activity of passive smoking children was found to be statistically higher compared to that in control subjects (Table 3) . A study conducted by Avsar et al showed similar results 15 . Under resting conditions without the exogenous stimulation that is linked with feeding, there is a slow flow of saliva which keeps the mouth moist and lubricates the mucous membrane. The unstimulated saliva flow rate is 0.3-0.4 ml/min whereas stimulated whole saliva is 1-2ml/min. Saliva dilutes and removes substances (oral debris, noxious agents) from the oral cavity which is referred to as salivary or oral clearance. Both the act of swallowing and the salivary flow rate are important to this process, and these are the principal ways by which oral bacteria and injurious, noxious agents are eliminated from the mouth 2 . In our study, it was seen that flow rate was significantly low in the passive smoking children when compared to the control subjects (Table 3) . Saliva has a pH varying from 6.7 to7.4. It was seen in our study that the salivary pH was significantly lower in the passive smoking subject group when compared to the control subjects (Table 3) . The buffering capacity of both unstimulated and stimulated saliva involves three major buffer systems: the bicarbonate (HCO 3 ), the phosphate, and the protein buffer systems. These systems have different pH ranges of maximal buffer capacity, the bicarbonate and phosphate systems having pK values of 6.1-6.3 and 6.8-7.0, respectively. It was seen in our study that the salivary buffering capacity was significantly lower in the passive smoking subject group compared with the control subjects. (Table 1 ) as concluded by Avsar et al in their study 14 . According to Aligne et al 26 passive smoking may reduce the protective properties of saliva that operate against caries, with saliva acting as a buffering agent. One limitation of this study is that we did not collect data on the body mass index of the children. It has been shown by previous studies that body size has a positive correlation to passive smoking 27 . Also, the dental caries status of the children was not assessed in the present study. Conclusion In conclusion, the study showed a lower salivary pH and lower flow rate and higher amylase activity and higher buffering capacity in passive smoking children when compared to control group. However, sialic acid levels did not show significant differences between passive smoking children and control group. Passive smoking may reduce the protective properties of saliva which can further affect the oral health status of young children and any factor that influences the secretion rate or composition of saliva will ultimately influence caries susceptibility.
